Chrysomya albiceps specimens were obtained from colonies established with larvae and adults collected at the Federal Rural University in Rio de Janeiro, Seropédica, State of Rio de Janeiro. The larval stage of C. albiceps was allowed to develop in climatic chambers at temperatures of 18, 22, 27 and 32 o C, and the pupal stage was allowed to develop at 22, 27 and 32 o C (60 ± 10% RH and 14 hr photoperiod).
Chrysomya albiceps is of great medical and sanitary importance, being associated with myiasis in Africa (Zumpt 1965) and America (Guimarães et al. 1979) , although it plays a more significant role as a predator of other dipteran larvae. Its potential as a vector of pathogenic microorganisms has been emphasized by several authors. The importance of this species in forensic medicine has been mentioned by Marchenko (1985) . Guimarães et al. (1978) and Marchenko (1985) have pointed out the dangers of its presence in open and covered markets, garbage dumps and other biotopes because this species breeds extensively on human feces and decomposing animal tissue. According to Baumgartner and Greenberg (1984) , information on the vertical distribution of Chrysomya species is limited and does not include heat tolerance ranges. According to these investigators, in Peru C. albiceps is a subtropical to temperate species and is rarely present at altitudes of less than 200 m (25.1-27 o C), but abundant from 1000 to 3100 m (11.1-25 o C), occurring up to the limit of 3325 m. These authors showed that C. albiceps can tolerate night temperatures below 0 o C, as pe- riodically observed in the Andes. According to Marchenko (1985) , the ideal heat range for egg laying is 25 to 27 o C.
The aim of the present study is to determine the lower temperature threshold (basal temperature) and the heat constant for different phases of the postembryonic development of C. albiceps, in order to contribute to the monitoring and control of this dipteran in the field and determine the most suitable conditions for its laboratory rearing.
MATERIALS AND METHODS
The specimens were obtained from C. albiceps colonies established with larvae and adults collected in the area of the W.O. Neitz Station for Parasitologic Research, Federal Rural University of Rio de Janeiro, Seropédica, State of Rio de Janeiro (22 o 45' S latitude, 43 o 41' W longitude, and 33 m altitude).
The larval stage of C. albiceps was allowed to develop in climatic chambers regulated at 18, 22, 27 and 32 o C, and the pupal stage in chambers at 22, 27 and 32 o C (60 + 10% RH and 14 hr photoperiod).
Eggs laid by the F1 generation of C. albiceps adults were transferred to 9.0 x 2.0 cm Petri dishes lined with filter paper moistened with 1.0 ml distilled water and maintained at 27 o C. After hatching, larvae (50 larvae/replication x 4) were placed on a diet consisting of putrefied horse meat. The methodological procedures related to the period from newly-hatched larva to mature larva have been described by Queiroz and Milward-deAzevedo (1991) . After spontaneously leaving abandoned the diet and moved to containers with vermiculite placed below the rearing containers, the larvae were collected, individualized, weighed and then transferred to 30 ml glass test tubes maintained under the same experimental conditions described above. The containers were filled with vermiculite to approximately 1/4 of their volume and sealed with hydrophobic cotton. The observations were made daily. Due to a failure on the electric system during the developmental phase of pupae exposed to 18 o C, the data concerning this treatment were excluded from analysis. After emergence, the adults were sexed and transferred to the colonies.
To compare the effect of temperature on the biological aspects of the different phases of development, data were analyzed by the Tukey test, at the 5% significance level.
The basal temperatures for the different periods were determined by the hyperbole method (Bean 1961) . The heat constant was calculated by the formula K = Y(t-a) as cited by Precht et al. (1973) , where K = heat constant (day degrees), Y = time of development (days), t = temperature at which the insect developed ( o C), and a = basal temperature ( o C). The results obtained by the variation of coefficient and by the graphic method discussed by Haddad and Parra (1984) were compared.
RESULTS AND DISCUSSION
The durations of the larval stage of C. albiceps at temperatures of 18, 22, 27 and 32 o C are presented in Table I . There was a significant difference among treatments. Larval and pupal viability were higher at 27 and 32 o C than at 22 o C, and larval and prepupal survival rates were lowest at 18 o C (Table I) .
On the other hand, mature larvae on diets maintained at 22 and 27 o C were much heavier than larvae maintained at 32 o C, their weight being about twice the mean weight of mature larvae exposed to a temperature of 18 o C (Table II) . Since the correlation between mature larval weight and the reproductive potential of insects is highly significant when no excessive weight loss occurs during pupal development, it may be inferred that temperatures below 22 o C may be a factor related to the population growth of C. albiceps, although other abiotic factors may also interact with this variable. This result supports data reported by Queiroz and Carvalho (1987) who pointed out that C. albiceps populations significantly increase in Brazil during warmer periods of the year. The emergence rate of adults at this temperature, however, has not been considered. Queiroz and Milward-de-Azevedo (1991) , working with C. albiceps at 27 o C, observed that the minimum weight needed for adult emergence was more than 42 mg, a value close to that reported by Levot et al. (1979) for Chrysomya rufifacies.
At 22 o C, adult emergence occurred from the 8th to the 11th day after the diet, with females emerging from the 8th to 10th day after having, and males from the 8th to the 11th day (Fig. 1) . At 27 o C, males and females emerged from the 4th to the 5th day after having, with 62 and 38% of the males and 14 and 86% of the females emerging on the 4th and 5th day, respectively (Fig. 2) . At 32 o C, 100% of the males and 98% of the females emerged on the 3rd day after having and 2% of the females emerged on the 4th day after having (Fig. 3) , thus showing that, at 32 o C, adult emergence was more homogeneous.
Significant differences in the duration of pupal stage were observed at 22, 27 and 32 o C (Table  I ) and, even though the viability of this phase was total in the last two treatments, survival at 22 o C was more than 90% (Table II) . The statistical differences observed for this stage were similar to those observed for the egg-to-adult phase (Tables  I and II) . Means followed by the same letter did not differ, when the Tukey tests was used. Overall significance level of 5%.
preliminary laboratory observations have shown that at 27 o C the egg phase reaches a maximum of 16 hr.
Temperature requirements -The basal temperature and heat constant for the different developmental phases of C. albiceps obtained by the hyperbole method are presented in Table III , which also contains the data reported by Marchenko (1985) . When comparing the results obtained for these variables by the hyperbole method and by the coefficient of variation, the values were found to be very close, although the hyperbole method has a better fit when it is used for at least four mean parameters (Haddad & Parra 1984) . The graphic method confirmed the results obtained for basal temperature by the previous methods.
In tropical areas of the African, Asian and American continents (Zumpt 1965 , Oldroyd & Smith 1973 , Gagné 1981 , C. albiceps is considered to be implicated in facultative primary myiasis. Thus, considering the responses in relation to basal temperature observed here for the larval and pupal stages (= 15.04 and 17.39 o C, respectively) compared to the data obtained by Marchenko (1985) for the full evolutionary cycle (= 10.11 o C) Considering the study by Marchenko (1985) which included the egg phase, was not studied in the present investigation (only the newly-hatched larva to adult were studied), a lower developmental rate was observed at 27 o C (0.091) and 32 o C (0.117) and the highest rate was observed at 22 o C (0.064) for the Russian strain, in contrast to the data obtained here (0.055, 0.107 and 0.143 at 22, 27 and 32 o C, respectively). On the other hand, in Russia, we may infer that this is a species currently undergoing a process of adaptation to parasitism in the tropics. The developmental rate reported by Marchenko (1985) also reveals a greater adaptation to the temperate climate by the strain studied by him compared to the strain existing in our region which, according to Guimarães et al. (1978) , originates from a tropical area of the African continent (Angola). According to preliminary data, although Chrysomya megacephala has been definitely found to be adapted to the tropics (also considering its significant capacity for dispersal and colonization in the Americas where it was introduced on the same occasion as C. albiceps), the basal temperature presented by its immature stages is approximately 10 o C. It is also known (Coquerel), an obligatory parasite during the larval stage, develops at mean temperatures below 28 and 30 o C, although under these conditions its larvae are very small (Espin-Azeredo, pers. com.).
The difference in geographic location and/or site of origin that Cochliomyia hominivorax between the strain studied by Marchenko and ours may be the possible cause of the differences observed in the heat requirements of the species.
In a review of the literature about C. rufifacies, a species presenting a behavior similar to that of C. albiceps and considered by some investigators to be a subspecies of C. albiceps, Baumgartner (1993) reported that the temperature tolerance of this species corresponds to the distribution of the tropical region. This author also reported that at 9 o C there is no larval hatching, at 15 o C there is hatching but no pupation, and at 40 o C the larvae develop normally, reaching pupation. These data are in considerable contrast to the minimum temperature for adult activity which is 13 o C (Norris 1966 , Vogt 1988 apud Baumgartner 1993 .
Studies in which laboratory reared C. albiceps are exposed to temperatures above or below those used in the present experiment should be carried out to solve unclear questions. On the other hand, information about the heat requirements of an insect, evaluated from basal temperature and heat constant, permits temporary insect storage for a preestablished period of time under artificial conditions, also facilitating studies at the field level. Marchenko (1985) 
